Background The aim of this cross-sectional study was to investigate the association between airflow obstruction and the metabolic syndrome (MS) or its components in Japanese men. Methods The study included 7,189 male subjects, aged 45-88 years, who underwent spirometric lung function tests at a medical check-up. The spirometric criteria for diagnosis of airflow obstruction were forced expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) <70%. The severity of airflow obstruction was defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline. Results The prevalence of airflow obstruction was 9.0% and the frequency of MS was 25.6%. In logistic regression models adjusting for age, body mass index, smoking, and alcohol, the risk of MS was higher in subjects with airflow obstruction of GOLD stage II-IV compared to those with normal lung function [odds radio (OR), 1.33; 95% confidence interval (95% CI), 1.01-1.76)]. Of the MS components, waist circumference (OR, 1.76; 95% CI, 1.24-2.50) and blood pressure (OR, 1.37; 95% CI, 1.08-1.74) were associated with airflow obstruction of GOLD stage II-IV, after controlling for potential confounders. Conclusion Airflow obstruction of GOLD stage II-IV might be associated with MS, waist circumference and blood pressure components in Japanese men.
Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease of the airways that is characterized by chronic airflow obstruction and an abnormal inflammatory response of the pulmonary tissue (1). COPD is a major cause of morbidity and mortality throughout the world (1) . In addition, COPD is predicted to become the third leading cause of deaths worldwide by 2020 (2) . In Japan, the NIPPON COPD epidemiological (NICE) study in 2004 showed that at least 8.6% of the general population suffered from COPD (3). The Global Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines recommended effective COPD management and prevention strategies (1) . Therefore, it is important to attempt to identify illnesses that are frequently linked with COPD and assess their impact on the way the disease progresses.
Individuals with COPD show evidence of systemic inflammation including coronary artery disease, diabetes, hypertension, osteoporosis, and muscle weakness (1, (4) (5) (6) (7) (8) (9) . Thus, it is thought that COPD is not only a disease of the lungs but is also a systemic inflammatory disorder (10) . Fabbri and Rabe suggested adding the term "chronic systemic inflammatory syndrome", which includes such entities as COPD, chronic heart failure and metabolic syndrome (MS), to the diagnosis of COPD (6) . MS represents a cluster of risk factors (abdominal obesity, atherogenic dyslipidemia, elevated blood pressure, and elevated fasting glucose) that predispose affected patients to systemic inflammation (11) .temic inflammation may be related to the pathogenesis of both COPD and MS (10) .
A study suggested that airflow obstruction was associated with MS in Chinese (13) , however no previous studies have exclusively targeted Japanese. In Japan, COPD is observed more often and is more serious in men than women (3, 14) . The aim of this cross-sectional study was to investigate the association between airflow obstruction and MS or its components in Japanese men.
Methods

Subjects
The study included 7,189 male subjects, aged 45-88 years, who underwent a comprehensive health screening, which included a physical examination, spirometry, chest Xray and blood tests held between April 2008 and March 2009 at the Japanese Red Cross Kumamoto Health Care Center, Kumamoto, Japan. Data on medical history and lifestyle information were collected by means of interview questionnaires conducted by a public health nurse. All subjects were evaluated by a physician. Subjects with physician-diagnosed asthma or a history of asthma or asthma-like symptoms were excluded from a diagnosis of COPD based on self-reported diagnosis and symptoms as described in the NICE study (3) . Subjects were also excluded if they had physician-diagnosed bronchiectasis, tuberculosis or malignancy. Thus, people with a physiciandiagnosed asthma or individuals who had other pulmonary diseases were excluded. Subjects with infectious disease, or other diseases associated with systemic inflammation, such as rheumatoid arthritis, connective tissue disorders or inflammatory bowel disease, were also excluded, as these diseases may influence CRP levels. All subjects were clinically stable (no exacerbation during the previous 2 months) at the time of evaluation. Subjects with a history of workplace dust exposure were also excluded. Our research protocol was approved by the Human Ethics Committee of Kumamoto University and Japanese Red Cross Kumamoto Health Care Center. All subjects gave informed consent prior to receiving the spirometric lung function tests.
Measurements
After an overnight fast, blood samples were obtained to measure serum levels of routine medical check-up markers: triglycerides, high-density lipoprotein cholesterol (HDL-C), fasting glucose, C-reactive protein (CRP) and white blood cell count. CRP levels were measured using a highsensitivity latex assay. Percentage body fat was measured by bioelectrical impedance analysis using BF-220 (TANITA, Tokyo, Japan). Waist circumference was measured at the level of the umbilicus. An average blood pressure was calculated from two measurements with the subjects in a sitting position after 5 min of rest. Body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. A detailed smoking history was obtained and used to define individuals as "never smokers" (those who denied past and current smoking), "former smokers" (those who reported smoking prior to the examination and denied current smoking at examination), or "current smokers" (those who reported smoking at least 1 cigarette a day). Pack-years (packs of cigarettes per day multiplied by smoking years) was used as the smoking index. Alcohol intake was classified into five categories: "non-drinkers", "1-2 days per week", "3-4 days per week", "5-6 days per week" and "everyday drinkers".
Metabolic syndrome
MS was defined in accordance with the revised National Cholesterol Education Program (NCEP)-Adult Treatment Panel III (ATP III) criteria (15) as three or more of the following five components: I) waist circumference, in which the cutoff point was modified for Japanese individuals to 90 cm; II) triglycerides, !150 mg/dL; III) HDL-C, <40 mg/dL; IV) blood pressure, systolic blood pressure (SBP) !130 mmHg and/or diastolic blood pressure (DBP) !85 mmHg; V) fasting glucose !100 mg/dL. Subjects receiving antihypertensive agents or hypoglycemic medication were considered to have the respective components.
Lung function tests
Lung function tests were performed using an electric spirometer (DISCOM-21 FX: CHEST MI, Tokyo, Japan) connected to a computer for analysis of data, as described previously (16) . Maneuvers were performed according to GOLD recommendation (1) under the supervision of a certified pulmonary technologist. No reversibility test was performed. The spirometric criteria for diagnosis of airflow obstruction were forced expiratory volume in 1 second (FEV1)/ forced vital capacity (FVC) <70%. FEV1 % predicted is expressed as percentages of predicted values using the predictive equations published by the Japanese Society of Chest Disease (17) . Normal lung function was defined as FEV1/ FVC !70% and FEV1 !80% predicted.
Classification of severity
Severity of airflow obstruction was defined analogously to the GOLD guidelines (1) as follows: GOLD stage I: FEV1/ FVC <70% and FEV1 !80% predicted; GOLD stage II-IV: FEV1/FVC <70% and FEV1<80% predicted. The subjects were divided into three groups: a control group (normal lung function), GOLD stage I, and GOLD stage II-IV. Subjects with GOLD stage II and higher have consistently been associated with increased mortality in epidemiological studies using pre-bronchodilation spirometry (18) (19) (20) (21) . Therefore we combined GOLD stages II, III and IV, and compared this group to subjects with normal lung function or GOLD stage I.
Statistical analysis
Results are presented as the mean ± standard deviation (SD) and categorical variables are expressed as frequencies. Analysis of variance (ANOVA) with a post hoc Turkey's test and the Mann-Whitney U test with post-hoc Bonferroni adjustment were used to assess the difference in characteristics by lung function status. Logistic regression model adjusted for age, BMI, smoking, and alcohol intake was used to assess the relationship between airflow obstruction and MS or its components. All analyses were done using IBM SPSS Statistics 18 software.
T a b l e 1 . Ch a r a c t e r i s t i c s o f t h e S u b j e c t s b y L u n g F u n c t i o n S t a t u s
Results
The prevalence of airflow obstruction was 9.0% in this study, which was similar to that reported previously in a Japanese male population (3, 14) . The prevalences of airflow obstruction in this study population for GOLD stages I-IV were: 4.1% (n=297), 4.4% (n=318), 0.4% (n=26), and 0.1% (n=4), respectively. The characteristics of the subjects by lung function stage are presented in Table 1 . Significant differences of lung function status were seen in relation to age, weight, body fat, BMI, FEV1 % predicted, FEV1/FVC, waist circumference, triglycerides, systolic blood pressure, diastolic blood pressure, pack-years, and frequency of smoking. The frequencies of MS in subjects with normal lung function, GOLD stages I, and stages II-IV, were 25.8%, 16.8% and 28.7%, respectively (average, 25.6%). The frequencies of MS in this study was similar to that reported previously in a Japanese male population (25.3%) (22) . Significant differences of lung function status were seen in the frequency of MS, elevated waist circumference, elevated blood pressure, and treatment for dyslipidemia and hypertension. Table 2 shows the relationship between airflow obstruction and MS or its components according to severity of airflow obstruction. In logistic regression models adjusting for age, BMI, smoking, and alcohol, the risk of MS was higher in subjects in GOLD stage II-IV compared to those with normal lung function [odds radio (OR), 1.33; 95% confidence interval (95% CI), 1.01-1.76)]. Of the five components of MS, waist circumference (OR, 1.76; 95% CI, 1.24-2.50) and blood pressure (OR, 1.37; 95% CI, 1.08-1.74) were significantly associated with airflow obstruction of GOLD stage II-IV, after controlling for potential confounders (Table 2) . Figure 1 shows markers of inflammation and lung function status. CRP was significantly higher in the subjects in GOLD stage II-IV than in those with normal lung function. White blood cell count was significantly higher in the subjects with GOLD stage II-IV than in those with normal lung function or GOLD stage I (Fig. 1) .
o S e v e r i t y o f Ai r f l o w Ob s t r u c t i o n
Discussion
In the present study, we found that subjects with airflow obstruction of GOLD stage II-IV had a significantly higher prevalence of MS than those with normal lung function. In addition, we found that of the five components of MS, waist circumference and blood pressure were significantly associated with airflow obstruction of GOLD stage II-IV according to logistic regression models adjusting for age, BMI, smoking, and alcohol. Our results appear to agree with two previous studies, which suggested that airflow obstruction was associated with MS (12, 13). Marquis et al however, in their case-control study of 38 Canadian patients with COPD (23 males, 15 females), found that 60.9% of male patients and 26.7% female patients with COPD had MS as defined by NCEP ATP III criteria (12) . Furthermore, Lam et al (13) investigated whether airflow obstruction, in tests done without the use of bronchodilators, was associated with MS as defined by the International Diabetes Federation (IDF) criteria in 7,358 adults (2,008 men and 5,350 women) aged 50 years and older, from Guangzhou, China. Lam et al found that, though the likelihood for MS increased with increasing severity of airflow obstruction, this relationship was not sig- Ma r k e r s o f i n f l a mma t i o n a n d l u n g f u n c t i o n s t a t u s . a ) C-r e a c t i v e p r o t e i n l e v e l s a n d  l u n g f u n c t i o n s t a t u s . b ) Wh i t e b l o o d c e l l c o u n t l e v e l s a n d l u n g f u n c t i o n s t a t u s . nificant in subjects with airflow obstruction of GOLD stage I or II. We also did not observe a significant association between GOLD stage I airflow obstruction and MS in this study. It is thus possible that advanced airflow obstruction might be associated with MS.
In the present study, we found that among the components of MS, abdominal obesity (waist circumference) and blood pressure were the main effects linked with airflow obstruction. Consistent with our study results, Marquis et al reported that among MS components, abdominal obesity and high blood pressure were more frequent in COPD men (12) . High blood pressure was especially frequent in COPD men (82%) (12) . Recent analysis of data from 20,296 subjects (11,258 men and 9,038 women) aged 45 years in two large combined cohort studies showed that subjects with GOLD stage II-IV had a higher prevalence of hypertension (23) .
In contrast with our results, Lam et al detected no association between airflow obstruction and hypertension, and found that among the five components of MS, only central obesity was significantly associated with airflow obstruction (13) . In addition, with regard to severity of airflow obstruction, a significant relationship was only observed in subjects with airflow obstruction of GOLD stage II or higher after controlling for potential confounders. Another cross-sectional study in France also revealed that abdominal obesity was positively related to both obstructive and restrictive lung function impairment (24) . For mechanical effects of obesity on lung function, respiratory muscle weakness in obesity has been attributed to muscle inefficiency, a result of reduced chest wall compliance or lower operating lung volumes or both (25) . As an alternative hypothesis to a mechanical problem, Lam et al suggested that the inflammatory response in MS is particularly related to central obesity, as demonstrated by elevated levels of CRP in those with higher waist circumference (13) , however, they did not study the relationship between levels of CRP and airflow obstruction. Waist circumference is correlated with both subcutaneous adipose tissue and intraabdominal adipose tissue. Intraabdominal adipose tissue is an active endocrine organ, which correlates positively with circulating levels of the proinflmmatory adipocytokines, IL-6, tumor necrosis factoralpha (TNF-alpha), and leptin, and negatively with levels of adiponectin, which regulates insulin sensitivity and could exert anti-inflammatory activities (26) . The role of adipose tissue in the pathogenesis of chronic respiratory diseases remains poorly understood, but adipose tissue may act as an additional source of systemic inflammation (24, 27) .
In this study, subjects with airflow obstruction (GOLD stage I or II-IV) had greater smoking exposure and packyears than those with normal lung function. In addition, subjects with airflow obstruction of GOLD stage II-IV showed a significantly higher CRP and white blood cell count than those with normal lung function (Fig. 1) . Gan et al reported a systematic review and meta-analysis of 14 reports which confirmed the strong association between COPD and biological markers of systemic inflammation such as CRP, fibrinogen, white blood cell count and tumor necrosis factoralpha (TNF-alpha) (8) . Among the markers of systemic inflammation, CRP has been most widely studied. CRP levels seem to relate to outcomes in COPD. In a cohort of 1,302 subjects with airflow obstruction, selected from the Copenhagen City Heart Study, subjects with baseline CRP greater than 3 mg/L had a higher risk of death from COPD, compared with subjects with a baseline CRP less than or equal to 3 mg/L adjusted for age, sex, FEV1% predicted, smoking, and ischemic heart disease during 8 years of follow-up (28) . In addition, a previous study of data from 65 subjects (10 non smokers, 11 healthy smokers, 17 stage 0 COPD, 10 stage I COPD, 17 stage II-IV COPD) showed that relative neutrophil counts were significantly higher in stage II-IV COPD than in all other groups (29) . Ishizaka et al found that in the cross-sectional data from 3687 Japanese men, an elevated white blood cell count is a risk factor for MS defined by the Japanese criteria (30). Cassatella described that in addition to the traditional functions such as phagocytosis, degranulation and production of superoxide, neutrophils can express a variety of inflammatory mediators (31) . It remains unclear whether systemic inflammation is a cause of COPD or merely a marker, but systemic inflammatory markers may have important pathophysiological and therapeutic implications in subjects with COPD (10) . Attenuation of systemic inflammation may offer new perspectives in the management of COPD patients in order to reduce the burden of exacerbations. On the other hand, consistent with a previous study (13), we did not find any association among airflow obstruction of GOLD stage I, MS or its components, CRP and white blood cell count. A concern has been raised that GOLD stage I is not necessarily a COPD risk factor (32) . Further studies are needed to answer the question on this point.
The current study had some limitations. First, the present study did not employ reversibility testing, as it was unacceptable to the authors' Institutional Review Board with there being no high suspicion of disease. FEV1 and other respiratory indices obtained without bronchodilation are good markers of overall health (33) . The degree of reversibility of airflow limitation is no longer recommended for diagnosis, differential diagnosis with asthma (1) . A modified GOLD definition omitting bronchodilation has been widely adopted by population based epidemiological studies (2) .
Second, we assessed only men, because there were too few females with airflow obstruction. Relative to men, advanced COPD in women is characterized anatomically by smaller airway lumens and disproportionately thick airway walls, and emphysema that is less extensive, manifest by a smaller hole size and less peripheral involvement (34) . Further studies about the sex differences in association between airflow obstruction and MS are required in Japanese females.
In conclusion, our results suggest that airflow obstruction of GOLD stage II-IV was associated with MS, and in particular, waist circumference and blood pressure components in Japanese men.
